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1.0 INTRODUCTION AND BACKGROUND

The Lamb Island Dairy site, also known as Ferrell Dairy, includes approximately 808
acres in the southeast corner of Section 36 of Township 35 South, Range 33 East and in
the southwest corner of Section 31 of Township 35 South, Range 34 East of Okeechobee
County, Florida. Between the years of 1982-1988 there were approximately 1000-1100
head of cows on the property, both lactating and dry. The South Florida Water
Management District (SFWMD) acquired the site in 1994, in accordance with the
Kissmmee River Restoration and Headwaters Revitalization Program to restore the
historical river flood plains in Cypress Slough. Per a lease agreement with the SFWMD,
the previous property owner was alowed to keep beef animals on the property. All
animals were removed from the site in late 1998.

In 1990, site dairy operations were required to be in accordance with the Florida
Department of Environmental Protection (FDEP) Dairy Rule, with a total phosphorus
(TP) concentration discharge limit of 1.2 mg/L (ppm). A Works of District Permit was
issued for the site in 1997; with a lower discharge limit of 0.35 mg/L TP since the land
had been converted to improved pasture. The Lake Okeechobee Protection Program has
established a Tota Maximum Daily Load (TMDL) of 140 metric tons/year for Lake
Okeechobee. This relates to an in-1ake concentration goal of 0.04 mg/L TP.

The objective of this project was to reduce, to the extent most practicable, the storm
water TP load discharges from the Lamb Island Dairy property (site). HSA Engineers &
Scientists (HSA) was retained by the SFWMD to implement one or more remedial
dternatives as recommended by an Agricultural Nutrient Management Assessment
(AgNMA) to minimize phosphorus (P) discharges from the site.  The implemented
alternatives were aimed at reducing P discharges while taking into consideration cost
effectiveness as well as minimizing long-term operation and maintenance requirements.

20 REVIEW OF EARLIER STUDIES AND DESCRIPTION OF THE
PREVIOUS WASTE MANAGEMENT PROGRAM

A waste management system was designed and installed at the site by the USDA-Natural
Resources Conservation Service (NRCS) to meet the FDEP Dairy Rule requirements.
The waste management system included perimeter ditches and berms around the High
Intensity Area (HIA). A 1-acre 1% stage primary settling pond (Pond 1) received the high
concentration wastewater solids from the milking parlor complex (barn wash, cow spray,
and runoff from the HIAs and from the perimeter ditch around the HIAs). Pond 1 water
was pumped into a 2-acre facultative treatment and storage pond (Pond 2). Pond 2 water
was pumped into a 5-acre facultative treatment and storage pond (Pond 3). Pond 3 water
was pumped into an eco-reactor for chemical and biological treatment. Grass was grown
in the eco-reactor and harvested periodically for feed. Excess water was pumped to a
spray field west of Lamb Island Road. Figure 1 provides a plan view of the site and also
shows the layout of the historical waste management system.



In 2000, Dames & Moore (D&M) conducted a waste management assessment (URS
2002) on the Dairy including characterization of the serial waste storage ponds, HIAS,
eco-reactor and irrigation ditches as part of a closure plan. The primary P sources were
identified as barn washwater, cow spray and runoff from HIAs and perimeter ditches.
The D&M report included a description of the Bion waste management and wastewater
trestment system that was instaled at the Dairy. The Bion system included treating
wastewater in the settling ponds, as described above, and adding ferric salts before the
eco-reactor. The report analyzed different remedial alternatives with pros and cons, costs
and time frames for implementation of the various aternatives.

A SFWMD Project Team developed recommendations for the reduction of phosphorus-
contaminated discharges from the former Lamb Island Dairy (SFWMD, 2000). The
report included seven aternatives, listed below in order of their preliminary ranking by
the SFWMD staff.

1. Construct contour terraces on the pastures to retain runoff, increase ET, and
utilize for forage production. Collect runoff from the terrace closest to the slough
and treat chemically. Incorporate soil amendments into the pastures to reduce
phosphorus in surface runoff and subsurface latera flows;

2. Construct contour terraces on the pastures to retain runoff, increase ET, and
utilize for forage production. Collect runoff from the terrace closest to the slough
and land apply to the sprayfield. Incorporate soil amendments into the pasures to
reduce phosphorus in surface runoff and subsurface lateral flows;

3. Construct contour terraces on the pastures to retain runoff, increase ET, and
utilize for forage production. Collect runoff from the terrace closest to the slough
and treat chemically;

4. Construct contour terraces on the pastures to retain runoff, increase ET, and
utilize for forage production. Collect runoff from the terrace closest to the slough
and land apply to the sprayfield;

5. Construct a berm around the herd pastures to contain all surface runoff and
chemically treat the runoff prior to discharge;

6. Construct a berm around the herd pastures to contain all surface water runoff
and treat for phosphorus removal via a small STA or application of water to the
sprayfield for nutrient uptake by forage grasses, and,

7. Construct a berm around the herd pastures and contain all surface runoff to
prevent discharge to Cypress Slough.

Common to all of the seven alternatives listed above was the recommendation for in-situ
bioremediation of the residual manure wastes contained in al of the existing ponds using
anaerobic microbia enzymes. According to the Dames and Moore report, in-situ
bioremedation would be accomplished by consolidating al existing manure into one



lagoon, the injection of the microbes/enzymes into this treatment area, and the periodic
mixing of the waste materials to ensure adequate distribution of the microbes throughout
the waste materials.

All of these remedial design recommendations are focused on the approximate 400 acres
contained in the eastern half of the former Lamb Island Dairy Farm. The portion of the
farm west of Lamb Island Dairy Road possessed relatively low soil and storm water
runoff phosphorus content (SWET, 2002 and SFWMD, 2000) and @nsequently active
hay farming of the western portion of the property was the only remedia measure
recommended for that portion of the property. Hay farming activities were contracted
directly by the SFWMD and were not part of the subject contract.

3.0 DETAILED REMEDIATION SYSTEM DESIGN

After conferring with the SFWMD during severa meetings and preparing 30% and 90%
complete preliminary design packages for review and consideration, the final design was
established and consisted of the following basic elements:

Construct a surface water containment berm around the HIAs and high P
soils, gravity flow of storm water runoff to the existing eco-reactor and
swale for biological (wetland) treatment;

Construct a containment berm at the edge of farm to collect and store a pre
determined amount of outer pasture runoff;

Construct terrace berms in the outer pasture runoff containment arega;
Construct a wetland at the southern end of the outer pasture runoff
containment area for biological (wetland) treatment;

Alum amendment of the dairy wastes (residual manure solids) contained
in ponds 1 and 2 leaving inactivated material in-place;

Fill/grade pond 1,

Fill/grade pond 2 or suitable to maintain a crop;

Alum amendment of the impounded waters contained in the settling pond
(Pond 3) and cooling pond to inactivate and precipitate water column
phosphorus content;

Dewatering and backfilling the onsite perimeter ditch; and,

Hay cropping of al available land areas.

The basic components of the final design are shown in Figure 1 A brief narrative
review of the planned construction activities and the supporting documentation used to
develop the remedial design componentsis provided below.

3.1 Storm water runoff collection system

The remedial design includes collecting storm water runoff in two areas, (1) the HIA; and
(2) the outer pasture (Figure 1).



3.1.1 HIA Runoff Collection

An approximate 40-acre surface water containment area was created by constructing an
earthen berm around the original HIA and other high+P soils. The HIA collection system
includes using the existing berms on the north side of the eco-reactor. Ditches on the
upstream side of the berm convey the runoff by gravity to the eco-reactor cell 1.

The top of berm (TOB) elevation is 44 feet NGVD (£ 0.3 feet) with the design maximum
water elevation set at 43 feet. This containment area will store up to 8.0 inches of storm
water runoff or a resulting volume of 26.7 acre-feet (32,950 ni). The net contributing
drainage area (excluding Pond 3) is 40 acres. This area encompasses the HIA and other
high-P soils identified in the AQNMA (SWET, 2002).

Project team member, Engineering and Applied Sciences (EAS), estimated the storm
water runoff from the land area located east of Lamb Idand Dairy Road. The adlCPR
Model utilizing the U.S. Soil Conservation Service (SCS) Method was used to calculate
runoff volume and peak discharges (EAS, 2002). For these runoff calculations, the input
data included hydrologic soil group, land use, Curve Number (CN), rainfall amount and
SFWMD rainfall distribution, and time of concentration. A monthly rainfall forecast was
developed using the SCS Method and historical rainfall data included in the CREAMS-
WT modd for the site.

The SCS Method was used to calculate the storm event associated with 8.0 inches of
runoff using the equation:

Q= (P-0.2*S)?/ (P+0.8S) and, S = (1000/CN) -10

A CN of 89 was used and the storm event (P) associated with 8.0 inches of runoff
(allowable containment area depth) was calculated to be 9.3 inches of rainfall. Rainfall
curves included in the “Surface Water Design Aids’ section of Volume IV of the
SFWMD Environmental Resources Permit Manual (2000) were used to estimate the
equivalent design storm event. The equivalent design storm is the 25-year return
period/72-hour event duration. The site specific factors (i.e., matching new berm heights
to existing eco-reactor berms) results in an atypical design frequency (design storm
event).

Aside from the 40 acre collection system, the HIA containmert area includes an
additional estimated 21.5 acres of storage contained in the eco-reactor (6.5 acres) and the
existing swale (15 acres) located downstream of the eco-reactor. Berms were constructed
on the south and east sides of the swale routing runoff to a discharge location at the
southern end of the swale (KREA 44). The swale berms were aso designed to
accommodate 9.3 inches of rainfall in the eco-reactor and the swale.

The SCS Method was used to determine the amount of runoff from the eco-reactor and
the swale. Using a storm event of 9.3 inches of rainfall and a CN of 98 resulted in 9.1
inches of runoff or approximately 4.9 acre-feet (6,050 ) of storm water runoff from the



eco-reactor. The runoff from the swale was calculated using the SCS Method with a CN
of 89 and a storm event of 9.3 inches resulting in 8.0 inches of runoff or approximately
10 AF (12,340 n?) of storm water runoff from the swale. The berms around the swale
were constructed with a TOB elevation of 40 feet NGVD. The maximum water elevation
is set at 39 feet NGVD providing for storage of runoff from the eco-reactor and swale
from a 9.3 inch storm event and alowing for one foot of freeboard in the containment
area.

The containment berm heights vary depending on the existing original ground elevation
and the berm dimensions are approximately two feet wide at the top with 4:1 side slopes.
These side dopes were specified to alow for maintenance of the berms using standard
equipment. The internal eco-reactor berms were improved as necessary to provide a
TOB elevation of at least 43 feet NGVD. These berms were previously constructed with
2.5:1 side dlopes and maintenance of the internal berms is not anticipated.

Ditches were constructed on the upstream side of the berms to onvey the runoff by
gravity to the eco-reactor or other discharge location. Positive flow conditions are
required for all ditches and the minimum physical slope will be maintained at 0.0005 ft/ft.
The ditch configuration will be a minimum of 10 feet wide with side slopes of 3:1 or
flatter.

3.1.2 Outer Pasture Runoff Collection

An approximate 109-acre surface water containment area was created by constructing
earthen berms along the eastern and southern sides of the property. Ditches on the
upstream side of the berm will convey the runoff by gravity to a new discharge location
on the south side of property (Figure 1).

The containment area size is based on maintaining an optimum water height of 18 inches
(WS, 2002) in the constructed wetland at the southern end of the outer pasture
containment area. The berms surrounding the constructed wetland were constructed
without ditches and therefore material was borrowed. Based on the existing site
topography, the most cost effective method to construct the wetland was a combination of
lowering the ground surface elevation and constructing berms and ditches around the
outer pasture containment area to store and convey runoff to the constructed wetland.

Soils were scraped/excavated from approximately 14 acres in the constructed wetland
creating an average grade elevation of approximately 36.25 feet NGVD. The bottom of
the existing lounging pond (approximately 2-acres) remained at between 35-36 feet
NGVD. The maximum water height in the wetland/containment area was maintained at
37.75 feet NGVD with a TOB elevation of 38.75 feet NGVD. The resulting capacity of
the containment area is approximately 27.2 acre-feet (33,565 n?¥) of storm water runoff.
Figure 2 shows the maximum retention capacity of the containment area. The
contributing area includes the former pasture area outside the HIA. This area includes
the low to moderate-P soils identified in the AQNMA (SWET, 2002).



Based on the storage capacity of 27.2 AF, the outer pasture containment area will store an
average of 3.0 inches of runoff [(27.2 AF + 109 acres)*(12inches/foot)]. The SCS
Method was used to determine the storm event associated with the containment area
volume. A CN of 89 was used and the storm event (P) associated with 3.0 inches of
runoff (allowable containment area depth) was calculated to be 4.2 inches of rainfall.

The containment berm heights vary depending on the existing original ground elevation
and the berm dimensions are approximately two feet wide at the top with 4:1 side slopes.
These side dopes were specified to alow for maintenance of the berms using standard
equipment.

Ditches were constructed on the upstream side of the containment berms to convey the
runoff by gravity to the constructed wetland at the southern end of the containment area.
Positive flow conditions are required for all ditches and the minimum physical slope will
be maintained at 0.0005 ft/ft. The ditch configuration was roughly 10 feet wide with side
slopes of approximately 3:1.

Two terrace berms (6-12 inch berm height) were constructed across the pasture area as
shownon Figure 3. The terrace berms are designed to increase runoff retention, ET, and
P uptake in the pasture area.

3.1.3 How control structures

Runoff from the HIA flows by gravity through the former eco-reactor and swale system
via a series of metal culverts with riser inlets. Runoff from the HIA containment area
ultimately flows by gravity through a culvert at the existing discharge location (KREA

44) and the outer pasture area runoff will ultimately flow by gravity through a culvert at a
new discharge location. A site plan showing the monitoring stations is provided as
Figure 3. At the recommendation of the SFWMD staff, a culvert (instead of an overflow
weir) was used to maintain one foot of freeboard and to set the maximum water level

within the HIA containment area at 43 feet NGVD before storm waters are alowed to
discharge from the containment area. The culvert was installed to drain runoff into the
existing ditch located on the east side of the eco-reactor. Boards have been installed in
the culvert risers spanning from the culvert invert elevation to the control elevation.

Manning's equation was used to determine the minimum culvert diameter required to
drain the accumulated runoff from the containment areas within 72 hours. Using
Manning's equation, it was calculated that a 24-inch diameter culvert with a slope of
0.005 (0.05 feet of fall per 10-feet of run) would be adequate to provide for drainage of
the containment area within 72 hours. At the recommendation of the SFWMD staff, a
36-inch culvert was used for the HIA emergency overflow structure and at the two
discharge locations to provide additiona flow capacity.



32 STORM WATER RUNOFF TREATMENT
3.2.1 Antecedent Storm Water Quality

Prior to starting remedial construction, samples of standing and flowing surface waters at
various internal sites within the former Lamb Island Dairy property were collected on
two separate occasions during September 2003. Field sampling activities were planned
to coincide with substantial regional rainfal events. Using the topographical survey map
previously supplied by the SFWMD, sampling locations were established in depressions
and low elevation runoff channelsin order to assess the relative amount of P contained in
the surface runoff at various internal sites. Ortho-P, total dissolved P, and TP samples
were collected at all sites. The sampling locations and results are shown on Figure 4.

3.2.2 Storm Water Treatment System

The overall goa of the treatment system is to reduce P discharging from the site. The
constructed system design included treatment by overland (or sheet) flow in the pasture
area with additional treatment efficiency achieved by adding terraces and creating a
wetland in the outer pasture area (see Figure 3. Therefore, the storm water treatment
system design included:

Collection and retention of storm water runoff within the HIA containment area
and wetland treatment in the existing eco-reactor ponds and swales;

Collection and retention of storm water runoff within the outer pasture;
Construction of terraces in the outer pasture; and,

Construction of awetland in the southern end of the outer pasture.

From the 40-acre HIA containment area, water flows by gravity to the existing 6.5-acre
eco-reactor. Within the eco-reactor, a total of four discrete cells are maintained and the
water sequentially flows by gravity from one cell to the other. From the eco-reactor
retention area, water then flows by gravity over ariser/culvert into an existing swale prior
to discharge off the property. The wetland treatment system area is comprised of
approximately 21.5 acres including:

Eco-reactor Cell 1 (1.4 acres);
Eco-reactor Cell 2 (1.1 acres);
Eco-reactor Cell 3 (0.98 acres);
Eco-reactor Cell 4 (3.0 acres); and,
Existing swale (15 acres).

Water levelsin the eco-reactor cells and swale are maintained at depths of 12 to 18 inches
using new riser culverts as internal water control structures. It is anticipated that
emergent vegetation such as cattails and potentially some SAV will be established within
2 to 3 years (volunteer growth) within the eco-reactor cells and within the boundary of
the existing swale system.



The outer pasture containment area included three terrace areas:

Terrace 1 (40 acres);
Terrace 2 (31 acres); and,
Terrace 3 (22 acres).

Terrace berms (6-12 inch berm height) were constructed by disking and then grading the
areas shown on Figure 3 The terraces receive direct rainfall, runoff fom upstream
terraces, and may aso receive overflow from the HIA during extreme wet conditions.
The TOB elevation of Terrace 1 is 40.75 feet NGVD and the TOB for Terrace 2 is 39.25
feet. Terrace 3 was constructed by grading and improving the existing swale and the
TOB elevation is 37.75 feet NGVD.

An approximate 16-acre constructed wetland was created on the southern end of the outer
pasture area.  This area includes a 2-acre former lounging pond. The other 14 acres in
this area were cleared and graded to a bottom elevation of approximately 36.25 feet
NGVD. Water levelsin the wetland will be maintained at 37.75 feet NGVD.

40 REMEDIAL SYSTEM CONSTRUCTION ACTIVITIES

Remedia system construction started in April 2004 with the procurement of materials
and mobilization of equipment to the site. Fralix Construction performed all onsite
construction activities. Mixon Land Surveying staked out the property for major feature
locations and elevations. Prior to any construction activities underground clearance was
obtained for any utilities onsite. Silt fencing was installed around the perimeter of the
site where construction activities were taking place per construction plans and
specifications. Figure 1 shows the site plan and major feature locations.

By mid April 2004 construction of the HIA containment area berm and ditch had begun.
Berm construction proceeded from the west end of the property towards the eastern side
of the property. An emergency overflow culvert was installed on the south side of the
HIA area near the northeast corner of the former eco-reactor. By late April the HIA
containment area berm was substantially complete and the outer perimeter berm was near
completion with the exception of grass seeding of the berms. Concurrent to berm
construction, the constructed wetland area at the southern end of the site was being
excavated to increase the retention volume in this area and the soil was used as fill
material for ponds 1 and 2, and for material to construct the berms around the constructed
wetland.

Construction activities continued during May through mid July 2004. Construction of the
HIA containment area berm, and outer pasture berm were constructed except for final
grading and seeding (see Figure 1).

By late July, within the wetland treastment system, a total of four discrete cells were
constructed with culverts and risers connecting each cell. Board heights can be
maintained in each riser to a maximum elevation of 43 feet NGVD. From the wetland



treatment system, water then flows by gravity through a 24-inch diameter culvert with
riser boards set at 43 feet NGVD into a swale prior to discharge off the property. The
discharge culvert was ingtalled, including a new 36-inch diameter culvert and riser, with
the riser boards set at 39 et NGVD. A 36-inch diameter discharge culvert with riser
was aso placed on the southern most side of the outer pasture containment berm. Board
elevations were set at 37.75 feet NGVD. Disking and then grading the areas shown in
Figure 1 constructed three terrace berms. All berm embankments were then compacted
and were seeded with Bahia grass. The approximate 16-acre constructed wetland on the
southern end of the pasture was cleaned up and graded to a bottom elevation of
approximately 36.25 feet NGVD. Due to seasona weather patterns (i.e. Hurricane Jeane,
Ivan, Charley and Hurricane Frances) an abnormally large quantity of rain fell on site in
late August and early September 2004, which resulted in breaches of the outer pasture
berm. All breaches were immediately repaired and additional areas of the berm were
further improved to ensure berm integrity.

By the middle of October 2004, all breaches in the berms had been repaired and the areas
seeded with Bahia grass had grown in well with a few areas of spotty growth. In all other
areas the vegetation had grown extremely fast. All mgor constructed features remain in
good condition. No major rain events occurred during this seasonally dry quarter with
only occasional frontal systems dropping a negligible amount of rain. All storm water
runoff appeared to be retained on-site and no runoff was observed discharging from the
Ste.

Six quarterly scheduled sampling events were completed from November 18, 2004
through November 29, 2005. Figure 3 shows the location of the six surface water
sampling location and the groundwater monitoring location just south of Pond 3. Table 1
shows water quality results for al sampling locations. The laboratory results, sample
chain of custody, and field-sampling notes are contained in the project Quarterly Reports.
All sampling was conducted in accordance with FDEP Quality Assurance Rule, Chapter
62-160.210 F.A.C., the associated FDEP SOPs, and HSA’ s Quality Assurance Manual.

Captioned photographs showing the progress of the various phases of construction work
are provided in Appendix A.

50 TREATMENT OF RESIDUAL MANURE WASTE

Treatability studies were conducted to determine the effectiveness of alum treatment on P
concentration in pond waste. The process included weighing a 50 g sample of the
manure collected from Pond 1 and Pond 2, adding 200 ml of deionized water, mixing
with different doses of alum, and settling for 45 minutes. The samples were analyzed
using a colorimetric analytica method and a Hach spectrophotometer to measure
absorbance and to determine the soluble reactive phosphorus (SRP) concentration of the
raw and treated manure (see Appendix B for details of the manure treatability study).



Based on the results of the manure treatability study, the residual manure was planned to
be amended with alum using 2.5 ml of alum per pound of manure as the maximum dose
with the final target of 150 micrograms per liter of Ortho-P in the amended wastes.

During development of the preliminary and detailed design, HSA reviewed the sampling
and survey data recently collected at the site by the SFWMD. Based upon these data, a
majority of the P containing waste existing at the site is located in Pond 1. Up to 8,500
cubic yards (CY) of waste is contained in Pond 1, while Pond 2 and Pond 3 contain up to
1,500 CY and 4,325 CY, respectively. The waste located in Pond 3 was in a very thin
layer and it would be difficult and very costly to completely dewater this pond and
remove the waste materiads. Therefore, the manure waste aternative implemented
included amending the manure waste in Pond 1 and Pond 2 with alum.

By Early May 2004 dewatering of Pond 1 and 2 had begun. A dewatering pump was
installed on the north side of Pond 2 and the standing water was pumped into Pond 3.
Pond 1 was also dewatered into Pond 3. The HIA ditches (see Figure 1) were dewatered
into Pond 3 and existing stockpiles of fill material near the HIA ditches were used to fill
the ditches and grade the area. After dewatering was completed, the eastern portion of
Pond 1 was filled, with material excavated from the created wetland, starting at the
western end of the pond to confine the waste material to a smaller area for alum
treatment.

On May 7, 2004 the first 4,000 gallon shipment of alum was delivered to the site and
added to Pond 1. Alum was slowly applied and mixed using an excavator bucket. A
PTO driven chopper pump was installed on the northeast side of Pond 2 and waste
material was then pumped into Pond 1 until it was filled to capacity. During pumping,
alum was slowly added to the pump intake to enhance mixing. The remaining waste
material in Pond 2 was crowded into a smaller area for treatment. Further addition of
alum was continued during May in Pond 1 and 2. On-site testing was completed using a
Hach Dr 2100 Spectrophotometer for SRP using the ascorbic acid method to determine
treatment progress and areas that required additiona alum amendment. After onsite
testing reported treated manure sample SRP concentrations below 150 parts per billion
(ppb), confirmatory samples were collected on June 17, 2004, from six locations at two
different depths in Pond 1 and Pond 2. The confirmatory samples were submitted to the
SFWMD Lab located at Skees Road in West PaAlm Beach, Florida. The aralytical results
are summarized in Table 2. Resulting analyses confirmed average TP values below 150
ppb. A total of approximately 8,800 gallons of alum were added to Ponds 1 and 2. A
copy of the analytical resultsis provided in Appendix C.

The volume of waste contained in Pond 1 was approximately 8,500 CY. Assuming one
cubic yard of wet manure waste is equal to 1,700 pounds (URS 2000), the weight of the
residual solids in Pond 1 is approximately 6,600,000 kg. Based on the SFWMD data
provided for Pond 1 solids, the average TP concentration is 3,012 mg/kg and the average
percent moisture is 71%.

The estimated amount of TPinPond 1 is:
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=[(6.6* 10° kg) x (3,012 mg/kg) x (0.29) x (1 g/1,000 mg) x (1 Ib/ 454 g)]
=12,7001b P

The volume of waste in Pond 2 was approximately 1,500 CY. The weight of the residual
solids in Pond 2 is approximately 1,200,000 kg. Based on the SFWMD data provided for
Pond 2 solids, the average TP concentration is 4,290 mg/kg and the average percent
moisture is 62%.

The estimated amount of TP in Pond 2 is:

= [(1.2*10° kg) x (4,290 mg/kg) x (0.38) x (1 ¢/1,000 kg) x (1 Ib/ 454 g)]
=43101bP

Ponds 1 and 2 were amended with a total of approximately 8,800 gallons of alum. Using
the pre-treatment TP concentrations and the average TP concentrations after alum
treatment, approximately 17,009 pounds of P was inactivated. A summary of the alum
treatment analytical resultsis provided in Table 2.

6.0 TREATMENT OF POND WATER

The planned pond remediation measures included amending the water column in pond 3
with alum. In addition, the old borrow pit/cooling pond at the southwest area of the
property was intended to be treated with alum. Treatability studies were conducted to
determine the effectiveness of alum treatment on P concentration in the pond water. The
process included adding alum doses ranging from 5 to approximately 30 mg/L (as
aluminum) to pond water samples, alowing the floc to settle, and analyzing a sample of
the water column for SRP. The results (Appendix B) indicated that as the alum dose
increased the SRP concentration measured in the treated mixture decreased. A doses of
10 mg/L as Al resulted in a non-detectable concentration of SRP. The plan was to titrate
the pond water with alum up to an anticipated maximum of 15 mg/L to achieve a treated
SRP value of less than or equal to 0.15 mg/L as P. Samples of the treated water would
then be collected and analyzed in the field using Standard Method 4500-P E., or
equivalent, to confirm the effective dosage.

Background groundwater and surface water samples were collected before the pond
water treatment. On June 15 and June 22, 2004, groundwater samples were collected
from the monitoring well adjacent to the south side of Pond 3 (see Figure 3), and were
submitted to Jupiter Laboratory (Jupiter) for TP, Ortho-P, and total aluminum analysis.
On June 17, 2004, surface water samples were collected from Pond 3 and Pond 4 (see
Figure 3), and were submitted to Jupiter for TP and Ortho-P analysis. The analytical
results are presented on Table 3.

On June 22, 2004, approximately 3,500 gallons of alum was mixed into Pond 3 by
Aquatic Biologists, Inc. using four small boats equipped with chemical mixing

11



equipment. Pond 4 (the former cattle lounging pond) was treated with approximately 500
galons of alum in the same manner. SRP testing in the field was performed using a Hach
Dr 2100 Spectrophotometer (ascorbic acid method). On June 24, 2004, confirmatory
samples were collected and submitted to the SFWMD Lab for Ortho-P analysis. The
analytical results reported Ortho-P concentrations exceeding the target of 150 ppb (see
Table 3 in samples collected from Pond 3. The samples collected from Pond 4 were
reported below the target concentration. On July 1, 2004, additioral samples were
collected from Pond 3 and were submitted to Jupiter for Ortho-P analysis (see Table 3).
The Ortho-P concentrations from the July 1 sampling event were reported above the
target concentration; therefore, additional pond water treatment was required.

On July 15, 2004, an additional 2,500 gallons of liquid alum was sprayed onto the surface
of Pond 3 and mixed into the water column with a small boat and motor. On July 16,
2004, surface water samples were collected from Pond 3 and submitted to Jupiter for
Ortho-P analysis. Ortho-P was reported below the target concentrations in the six
samples collected (see Table 3). The analytical results for the pond water treatment are
provided in Appendix D.

Approximately 31 million gallons of surface water was treated in Pond 3. Using a pre-
treatment Ortho-P concentration of 1.2 mg/L and atreated water average concentration of
0.068 mg/L, approximately 295 pounds of P was inactivated in Pond 3, a 94% reduction.
Pond 4 contains approximately 0.8 million gallons of water. Table 3 shows the P content
of Pond 4 surface waters before and after Alum treatment. Approximately 4 pounds of P
was inactivated in Pond 4, a 97% reduction.

7.0 POST CONSTRUCTION YEAR OF SYSTEM PERFORMANCE
MONITORING

7.1  Objective

After construction of the remedial system was completed, the site was monitored over a
one-year period as part of this contract to assess system performance relative to reducing
the phosphorus load of the storm waters. The elements of the monitoring were
summarized in the site wide monitoring plan, Task 2.2 deliverable. HSA prepared this
monitoring plan for the SFWMD to describe the materials and methods to be used to
collect water samples and associated data in order to assess the effectiveness of the
constructed phosphorus reduction remedial measures.

Post construction monitoring commenced on November 18, 2004, and sampling
continued with a total of 16 sampling events completed through November 29, 2005.
Table 1 provides a summary of the sampling dates and the associated test results for the
analyses completed.
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7.2  Sampling Locations

There are a total of seven water quality- monitoring locations (six surface water and one
shallow groundwater monitoring well) that were sampled. Sampling locations are shown
on Figure 3. The shalow groundwater well (GW-1) is completed 10 feet deep below
land surface, and is a 1.5-inch diameter PV C well with four feet of slotted screen (0.010-
inch dot size) at the bottom of the well. It was constructed to odbtain shallow water table
data. The HSA field team representatives accessed the site through the locked gates
(combination locks) located on the western side of the property. The surface water
sampling sites included:

SW1 — located at the inflow to the eco-reactor;

SW?2 — |ocated at the discharge site of the eco-reactor;

SW3 — located at the off - farm discharge station that represents the treated
storm water runoff, if any, from the HI A/eco-reactor system,

SW4 — located downstream of the first two outer pasture terrace berms and
immediately upstream of the constructed wetlands;

SW5 — located at the off - farm discharge station that represents treated storm
water runoff from the outer pasture area; and,

SW6 — located within pond 3; tested to determine the TP and SRP trend over
the first year after alum treatment

7.3 Quality Assurance Samples Collected

Replicate samples were collected on a frequency of 22% of all samples collected on the
gte, well above the 10% minimum that was indicated in the sampling plan to be
collected. A total of 13 replicate samples were collected out of the total of 57 samples
collected from the site over the first year of monitoring. The results of the replicate
analyses are provided in Table 4 The RPD for the sample collected on June 15, 2004
was approximately 30%, exceeding the maximum allowable RPD of 20%; therefore the
TP data was flagged. The RPD for the reminder of the TP data and 17 sets of Ortho-P
data were within the maximum RPD of 20%.

Table 5 provides the results of the equipment blanks (EB) collected during the year of
monitoring. Equipment blanks were collected at a frequency of 10%, equal to the
planned amount. The results of one EB sample (collected on May 16, 2005) was reported
at a TP concentration above the detection limit (1.6 mg/L for TP). The TP data from
May 16, 2005 are flagged due to the elevated TP concentration reported in the EB
sample.

7.4  Sampling Techniques
Sample collection was performed in accordance with the FDEP surface water sampling
and groundwater-sampling SOPs outlined in the FDEP QA001/01, and were consistent

with HSA’s Quality System. Surface water samples were collected using grab sampling
techniques at a six inch depth by use of a dip pole or, if accessible, by directly collecting
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the sample into a clean, laboratory bottle. Monitoring well samples were collected after
purging the well with a peristaltic pump, in accordance with the FDEP groundwater SOP
(FS2200), followed by filling the sample bottle directly from the pump discharge stream.
TP samples were preserved with sulfuric acid to a pH of less than 2. Aluminum samples
were preserved with nitric acid to a pH of lessthan 2. Ortho-P samples were field filtered
through a 0.45-micron filter, cooled and submitted to the laboratory unpreserved. All
samples were submitted to an FDEP and NELAC certified commercial |aboratory.

An interna field audit was conducted during field sampling on November 29, 2005. In
general, the sampling personnel collected the surface water samples and the groundwater
samples in accordance with prescribed FDEP SOPs. A copy of the Field Audit Form is
included in Appendix E

7.5 Review of Samples Collected and Test Results

On June 15 and June 22, 2004, background groundwater samples were collected before
the pond water treatment. The average background TP concentration was 0.29 mg/L and
the average background total aluminum concentration was 2.24 mg/L. TP and total

aluminum were collected quarterly from the onsite monitoring well. Samples were
collected from the monitoring well on the following quarterly sampling event dates:

November 18, 2004,
February 18, 2004,
May 16, 2005;
August 16, 2005; and,
November 29, 2005.

As shown in Table 1, TP concentration averaged 0.24 mg/L in the groundwater ssmple
collected over the five quarterly samples. The total auminum concentration in the
monitoring well averaged 3.48 mg/L. Figure 5 provides a graph of the groundwater data.

TP and Ortho-P samples were collected when there was flow or no flow (standing water)
associated with any of the six surface water-sampling sites. Flow was only observed at
sampling location SW-5, the outer pasture discharge location. Four of the 16 monitoring
trips were scheduled in advance and 11 of the trips were reserved to respond to intense
rainfal events in the area. SFWMD recording rainfall stations S-65C and S-65D are the
closest SFWMD rainfall stations to the Lamb Island Dairy. For the 11 rain event driven
sampling trips, the SFWMD’s web site was monitored and rainfall of one-half inch or
more triggered a sampling trip within 48 hours of occurrence. TP and Ortho-P results for
each of the six surface water sample sites are discussed below:

SW1. A graph of the TP and Ortho-P values collected during the monitoring year
isprovided in Figure 6. The average TP concentration for this station was equal
to 2.57 mg/L and the average Ortho-P value was 1.98 mg/L. Asshown in Figure
6, TP concentrations at this site appeared to increase dightly over the course of
the year and the Ortho-P decreased steadily during the first year of monitoring.
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7.6

SW2. A graph of the TP and Ortho-P values collected during the monitoring year
isprovided in Figure 7. The average TP concentration for this station was equal
to 1.19 mg/L and the average Ortho-P value was 0.87 mg/L. Asshown in Figure
7, both TP and Ortho-P concentrations at this site decreased throughout the first
year of post construction monitoring.

SW3. A graph of the TP and Ortho-P values collected during the monitoring year
isprovided in Figure 8. The average TP concentration for this station was equal

to 2.92 mg/L and the average Ortho-P value was 1.63 mg/L. Asshown in Figure
8, TP and Ortho-P concentrations at this site increased moderately over the course
of the year.

SW4. Only one sample was collected at this station as it was submerged during
much of the year and the sampling crew could not obtain a sample at the specified
sampling location. TP concentration for the one sample collected at this station
was equal to 4.4 mg/L and the Ortho-P value was 4.2 mg/L.

SW5. A graph of the TP and Ortho-P values collected during the monitoring year
is provided in Figure 9. The average TP concentration reported during “flow”
events was 2.80 mg/L, while the TP averaged 2.94 during “nonflow” events.
The average Ortho-P concentration during “flow” events was 2.02 mg/L and 1.91
during “non-flow” events.

SW6. A graph of the TP and Ortho-P values collected during the monitoring year
isprovided in Figure 10. The average TP concentration for this station was equal
to 0.84 mg/L and the average Ortho-P value was 0.54 mg/L. Asshown in Figure
10, TP and Ortho-P concentrations reported from samples collected from Pond 3
decreased dlightly over the course of the year.

The fluctuations in P in the pond water after treatment are likely due to inputs of
surface water to the pond from HIA runoff during retention periods after high
rainfall events.

Data Validation

By definition, the TP concentration should be greater then the Ortho-P concentration. A
+ 10% level of uncertainty was used to compare the TP and Ortho-P data sets. The data
sets reported for the October 28, 2005, appear biased; with Ortho-P reported at higher
concentrations then TP for all three sets of samples. All data from the October 28, 2005,
sampling event were flagged. The TP and Ortho-P concentrations reported for samples
collected from SW-1 on March 4, 2005, and September 20, 2005, were within the+ 10%
level of uncertainty.
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7.7  Stage

There are three rew staff gauges installed on the farm. During each of the 15 sampling
trips, water levels were measured at each of these gauges. The gauge locations are shown
in Figure 1 and include:

Gauge 1, Overflow culvert gauge: Water level was observed and compared
to the elevation of the board setting in the bypass/overflow culvert. Asshown
in Table 1, no flow was observed at the station during any of the first year
monitoring and field sampling trips;

Gauge 2, Off — farm discharge culvert adjacent to sampling station 3:
Water level was observed and compared to the elevation of the board setting
in theriser culvert. Asshownin Table 1, no flow was observed at the station
during any of the first year monitoring and field sampling trips; and,

Gauge 3, Off — farm discharge culvert adjacent to sampling station 5:
Water level was observed and compared to the elevation of the board setting
in the riser culvert. Asshownin Table 1, flow was observed and measured at
the top board in the riser culvert on four different sampling and monitoring
trips. These flows coupled with the concentration were used to compute the
offsite P loadings as described below.

80 FIRST YEAR ESTIMATE OF SYSTEM PERFORMANCE

In order to assess phosphorus storm water reduction attributed to construction of the
remedial system, the amount of phosphorus that would have been discharged off the
property without the remedial system (pre-condition) was compared to the results of the
first year system monitoring and reduced runoff estimates.

Average rainfall data from nearby stations S-65C, S-65CW and S-65D were used as an
estimate of the amount of rainfall the property received. Figure 11 provides the rainfall
hydrograph for the first year monitoring (i.e., post remedia system construction) for the
period inclusve of November 18, 2004 until November 29, 2005. A tota of
approximately 55.3 inches of rainfall was reported during the monitoring period.

The annual pre-condition load was estimated using the phosphorus loads calculated using
Creams-WT (SFWMD, 2000). The rainfal reported for years 1993 (55.0 inches), 1994
(55.9 inches), and 1996 (56.6 inches), was similar to the monitoring period, and
therefore, the average of the loads calculated for these years was used to estimate the pre-
condition load. Using this approach, the annual pre-condition load is 2,343 kg or 5,165
Ib. (see Table 6).

The overall goal of the HIA/Swale retention area was to reduce P discharging from the
site by limiting the discharge, thus increasing time for P removal by biological and
physical processes. The HIA/Swale design includes collection of storm water within the
43-acre containment area (see Figure 3). During the monitoring period (November 18,
2004 through November 29, 2005) there were no dischar ges observed from SW3.
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The overall goal of the Outer Pasture Area is the same as HIA/Swale retention area
During the monitoring period there were four discharges observed from the Constructed
Wetland area structure SW5 located at the south end of the 109-acre Outer Pasture
Containment Area (see Figure 3). During site sampling events discharge was calculated
by measuring the height of the water flowing over the boards and using the standard weir
equation:

Q=3.33LH7!?
Where:

Q=flow, cfs
L = width of the boards, feet
H = height of water over boards, feet

Calculated flows were then multiplied by the duration of the storm event to arrive at the
total discharge from SW5 as shown in Table & A storm event was defined as the
cumulative amount of rain that fell before and after the observed discharge beginning and
ending between two consecutive days of no rainfall (see Figure 11). The first storm
event of 10.9 inches was estimated to be discharging off the property for six days. A
ratio of the amount of rain and the time of discharge was used to estimate the duration of
subsequent discharges from SW5. TP loads for each storm event where discharge was
observed are calculated in Table 6 using TP concentration values obtained at the time of
sampling during the discharge.

As shown in Table 6, approximately 23 Ibs of P discharged from the farm. Using the
annua pre-condition P load estimate, 5,142 Ibs of P were retained on the farm (99.5%
retention).

9.0 CONSTRUCTION COSTS

The cost to implement the remedial activities was equal to $282, 493.00.
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Table 1. Groundwater and Surface Water Sample Sites Test Results

Sampling Locations

Site Name SW-1 SW-2 SW-3 SW-4 SW-5 SW-6 ** GW-1**
. Site HIA Eco-Reactor Eco-Reactor Effluent HIA/Swale I?ischarge Influent to Created . Outer Pasturg Pond 3 Grqunfiwater
Description Influent Location Wetland Discharge Location Monitoring Well
Sample Date TP |Ortho-P| Status| TP |Ortho-P| Status| TP |Ortho-P| Status| TP |Ortho-P| Status| TP |Ortho-P| Status| TP |Ortho-P|Status| TP | Aluminum
11/18/04 21 2 NF 1.6 1.4 NF 2.5 2.4 NF 4.4 4.2 NF D 0.82 | 0.62 0.085 3.1
2/18/05 1.8 1.8 NF 0.81 | 0.68 NF 1.6 1.6 NF D D 0.79 | 0.51 <0.10 3.3
3/4/05 1.2 1.3 NF 0.94 | 0.61 NF 1.4 1.3 NF D D
5/16/05 1.5% 1.3 NF Iw 1.7* 1.3 NF D D 0.42*| 0.38 <0.10°* 5.3
6/8/05 3.7 2.7 NF 14 | <0.62| NF 19 | <0.62| NF IN 2.2 1.5 F
6/15/05 3.1* 2.8 NF 1.3* | 0.96 NF 45* 1.8 NF IN 3* 2.7 NF
6/28/05 3.5 3.5 NF 1.2 0.93 NF 1.7 1.3 NF IN 3 2.9 F
7/13/05 3.3 1.9 NF IN 3.2 2.9 F
8/16/05 1.7 1.2 NF W 1.1 0.9 NF IN 1.5 1.1 NF 0.9 0.65 0.5 1.8
8/30/05 4.6 2.3 NF D 5 1.9 NF IN 5.7 2 NF
9/7/05 4.1 2 NF D 4.6 2.5 NF IN 3.6 2 NF
9/16/05 24 1.87 NF D 26 |0.634| NF IN 2 1.95 NF
9/30/05 1.9 2 NF D 150*| 19 NF D D
10/21/05 2.3 1.7 NF D 6.5 2.2 NF D D
10/28/05 13* [ 1.7* NF D 1.7 [ 21* NF IN [063*]0.79* F
11/29/05 1.5 1.2 1.2 0.9 NF 2.8 2.2 NF D 1.9 1.7 NF 0.12 3.9
N 12 14 6 7 12 15 1 1 8 9 3 4 4 5
AVG 257 1.98 119 0.87 292 1.63 440 4.20 289 2.08 0.84 0.54 0.20 3.48
280 243 F
294 1.9 NF

Notes:
Quarterly Monitoring Dates: 11/18/2004, 2/18/2005, 5/16/2005, & 8/16/2005
All values shown in mg/L
N = Number of Samples
NF = No Flow at time of sampling.
F = Surface Water Flow at time of sampling.
D = Location Dry
IN = Inaccessible
IW = Insufficient Water
Blank Cells = No Sample Collected
* = Flagged Data: 5/16 - Elevated TP reported in EB sample
6/15 - RPD>20%
9/30 - Statistical Outlier
10/28 - (TP + 10%) < (Ortho-P + 10%)
** = Samples collected only during Quarterly Monitoring.
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Table 2
Analytical Results Summary
Treatment of Residual Manure Waste

Pond 1 Manure Post-Treament Residual Phosphorus Data

P1-A1 | P1-A2 | P1-B1 | P1-B2 | P1-C1 | P1-C2 | P1-D1 | P1-D2 | Target
Date TP TP TP TP TP TP TP TP | Ortho-P
06/17/04] 0078 | 0.088 | 0.091 | 0.051 | 0033 | 0.092 | 0.095 | 0.167 | 0.15 |

Pond 2 Manure Post-Treatment Residual Phosphorus Data

P2-E1 | P2-E2 | P2-F1 | P2-F2 | Target
Date TP TP TP TP [ Ortho-P
6/17/04| 0.129 | 0.028 | 0.136 | 0.033 | 0.15 |

Notes:
All values given in mg/L



Table 3

Analytical Results Summary

Treatment of Pond Water

Pond 3 Water Phosphorus Data

P3 Raw P3-E P3-W P3-A P3-B P3-C P3-D P3-E P3-F
Date TP |Ortho-P| Ortho-P | Ortho-P | Ortho-P | Ortho-P | Ortho-P | Ortho-P | Ortho-P | Ortho-P
6/17/04 * 2.6 1.2
6/24/04" 0.532 0.559 0.508 0.524 0.56 0.507
7/1/04* 0.32 0.34
7/16/04* 0.08 0.061 0.068 0.06 0.068 0.073
Pond 4 Water Phosphorus Data
P4 Raw P4-A P4-B
Pre-Treatment Post-Treatment
Date TP Ortho-P | Ortho-P | Ortho-P
6/17/04* 2.5 0.58
6/24/04" 0.016 0.014
Background Groundwater Well Data
TMPW-1
Date TP Ortho-P | Total AL
6/15/04 0.33 <0.025 1.16
6/22/04 0.25 <0.025 3.32
Notes:

All values given in mg/L
* Phosphorus data prior to any alum treatment
+ Phosphorus data after first alum treatment

A Phosphorus data after second alum treatment




Table 4. Replicates Analysis Results

Analytical Results for Total Phosphorous

Site Name SW-1 SW-3 SW-5 SW-6 GW-1
Site Description HIA IIE:fcl)l;z:tactor E:Q(/:ﬁ:rzlz Olg;;ﬁ:.fézre Pond 3 M?):]ci)tltj) ?ﬁ]véax;“
Location Location
Relative Percent
Sample Date TP DUP TP DUP TP DUP TP DUP TP DUP Difference
2/18/05 <0.10 | <0.10 -
5/16/05 0.42 0.44 2.33
6/8/05 22 2.1 2.33
6/15/05 4.5 24 30.43
6/28/05 3.0 3.0 0.00
7/13/05 3.2 3.1 1.59
8/16/05 1.5 1.4 3.45
8/30/05 5.7 52 4.59
9/7/05 7.6 7.3 2.01
9/16/05 2.0 25 11.11
9/30/05 1.9 2.0 2.56
10/21/05 6.5 5.3 10.17
10/28/05 1.3 1.3 0.00
11/29/05 1.9 1.9 0.00
Analytical Results for Ortho-Phosphorous
Relative Percent
Sample Date Ortho-P| DUP |Ortho-P| DUP [Ortho-P| DUP |Ortho-P| DUP Difference
5/16/05 0.38 0.38 0.00
6/8/05 1.5 1.6 3.23
6/15/05 1.8 1.8 0.00
6/28/05 29 2.9 0.00
7/13/05 2.9 2.9 0.00
8/16/05 1.1 1.1 0.00
8/30/05 2.1 2.1 0.24
9/7/05 0.11 0.11 0.00
9/16/05 1.95 1.95 0.00
9/30/05 2.0 1.4 17.65
10/21/05 2.2 22 0.00
10/28/05 1.7 1.7 0.00
11/29/05 1.7 1.7 0.00
Analytical Results for Aluminum
Relative Percent

Sample Date Aluminum DUP Difference
2/18/05 3.3 3.1 3.13
Notes:

Quarterly Monitoring Dates: 11/18/2004, 2/18/2005, 5/16/2005, & 8/16/2005
All values shown in mg/L
Blank Cells = No Sample Collected
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Table 5. Equipment Blank Analytical Results

Analytical Results

Equipment Blank 1 Equipment Blank 2 Equipment Blank 3 Equipment Blank 4 Equipment Blank 5

Sample Date TP Ortho-P TP Ortho-P TP Ortho-P TP Ortho-P TP Ortho-P

11/18/04 <0.01 <0.01

2/18/05 <0.1 <0.025

3/4/05 <0.1 <0.025

5/16/05 1.6 <0.025

8/16/05 <0.02 <0.064

Notes:

Quarterly Monitoring Dates: 11/18/2004, 2/18/2005, 5/16/2005, & 8/16/2005
All values shown in mg/L

Blank Cells = No Sample Collected
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Table 6

Phosphorus Loadings in Outer Pasture and HIA Area

Monthly Summation of Rainfall Datafrom LAMB_R (inches)

1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

Pre-Condition

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

3.52 2 3.68 18 12 4.79 6.98 11.48 8.43 122 3.1 24 50.6
1.68 0.31 4.3 2.06 231 6.61 5.93 0.76 6.62 6.05 0.46 254 39.6
0.19 3.95 0.53 0.68 1.67 12.71 6.49 5.92 4.52 5.74 0.74 0.57 43.7
4.33 2.25 4.27 3.74 5.95 6.19 6.84 9.08 4.17 3.48 1.39 0.74 524

0.9 3.46 157 2.35 1.05 13.2 1.82 7.85 5.64 1.79 2.62 0.73 43.0
6.92 3.85 79 2.06 10.33 2.03 4.82 6.67 3.87 5.33 0.1 1.07 55.0
2.28 3.19 2.58 7.97 1.09 2.69 2.82 10.96 10.34 5.34 3.38 3.25 55.9
2.08 1.83 321 4.01 2.66 5.06 5.97 9.81 7.63 7.79 0.5 0.06 50.6
2.28 1.53 9.62 4.99 10.26 10.15 5.25 4.83 2.23 3.74 0.28 1.46 56.6

152 1.17 3.89 3.49 2.75 7.07 6.48 7.19 7.02 0.85 3.65 5.49 50.6
4.64 5.88 5.24 3.24 1.64 0.88 9.98 8.84 7.27 16 3.79 0.61 53.6
2.08 0.22 0.93 2.04 4.76 14.3 6.4 11.83 8.05 7.88 0.4 1.92 60.8

Monthly Summation of Daily Edge-of-Field Phosphorus Loads (kg)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
465.4 324 11.6 0 0 0 581.1 | 2,138.40 | 2,568.70 0 32.9 436.4 6267.0
146.8 0 43.3 0 5.4 418.4 124.4 0 685.6 | 1,241.30 0 3.3 2668.5

0 13.7 0 0 0 335.8 262.6 783.5 70 584.4 0 0 2050.0
101.6 0.5 13.8 11 110.8 180.7 110.9 802.9 124.5 222.7 0 0 1669.4
0 4.3 0 0 0 370 0 142 265 92 64.6 0.5 938.4
407.8 56.1 403.7 0 686 28.2 6.1 215.6 13 234.7 0 0.1 2233.2

11 4 4 414.6 0 0 0 619.5 1,222 445.1 69.3 50.8 2857.3

6.3 0 11.8 17 25 0 0 240.2 584.4 586.9 0.6 0 1434.3

18 0.5 616.9 202 384.7 625.3 9.4 0 0 96.5 0 0 1937.1

0 0 0 0 0 17.3 23.3 158.4 316.8 0.2 112.7 273.3 902.0
185.5 136.1 72 4.6 0 0 237.7 354.7 415.8 24 441.8 0 1850.6
0.6 0 0 0 0 758.6 467.3 575.6 511.3 700.4 0 9.1 3022.9
Average = 2,343 kg
5,165 Ib

Source: Estimated annual average runoff volumes using Creams-WT (SFWMD, 2000)
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Table 7
Alum Treatment of Lamb Island Dairy Pond Manure Waste and Pond Surface Water

Pond 1
Manure Treatment

Pond 1 Pre-Treatment Avg. TP Concentration Pre- Avg. TP Concentration

volume* Total P* treatment* Post-treatment” P remaining P Inactivated
(CY) (Ibs) (mg/Kg) (mg/L) (Ibs) (Ibs) %
8500 12,700 3012 0.087 1.25 12,699  99.99%
Pond 2

Manure Treatment

Pond 2 Pre-Treatment Avg. TP Concentration Pre- Avg. TP Concentration

volume* Total P* treatment*® Post-treatment? P remaining P Inactivated
(CY) (Ibs) (mg/Kg) (mglL) (Ibs) (Ibs) %
1500 4,310 4290 0.082 0.21 4,310  99.995%
Pond 3
*Water Treatment
Avg. Ortho-P
Pond 3 Pre-Treatment Avg. Ortho-P Concentration Concentration Post-
volume* Total P Pre-treatment? treatment? P remaining P Inactivated
(Mgal) (Ibs) (mglL) (mglL) (Ibs) (Ibs) %
31 312 1.2 0.068 18 295 94.33%
Pond 4
*Water Treatment
Pond 4 Avg. Ortho-P Conc. Before  Avg. Ortho-P Conc
volume* Total P treatment® after treatment” P remaining P Inactivated
(Mgal) (Ibs) (mg/L) (mg/L) (Ibs) (Ibs) %
0.8 3.9 0.58 0.015 0.10 3.8 97.41%

* From Task 1.5 Lamb Island Dairy 90% Design
A From Task 2.3 Quarterly Report 1



Note:

The amount of P retained reflects the results measured after completion of the site remediation system compared to pre-construction storm water runoff conditions.

Table 6
Phosphorus Loadings in Outer Pasture and HIA Area

Monitoring Period

Outer Pasture/Wetland Area:

SWS5 Storm Events Runoff Edge-of-field Load
Discharge | Ht. of -
Date duration | water Discharge from SW5 Pout
(days) (feet) (cfs) (MGD) (mg/L) (Ib)
6/8/05 6.0 0.02 0.04 0.03 2.2 2.9
6/28/05 3.4 0.08 0.30 0.19 3 16.4
7/13/05 0.8 0.08 0.30 0.19 3 4.0
10/28/05 3.1 0.01 0.01 0.01 0.63 0.1
Total 23.3
HIA/Swale Area:
Monitoring Period Discharge
Rainfall from SW3
duration Inches
(Days)
no
376 55.3 discharge

Phosphorus Retention

Pre-Condition P - Discharged P
5165-23.3 Ib
5141.9 Ib Retained

99.5%
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Coordinates: Avg. OrthoP=7.55 mg/L
80 58'18.5" W Avg. TDP=7.56 mg/L
27 22'59.5" N Sampled:9-7-03,9-30-03
Coordinates:
80 58' 58.7" W
0@ e’ \J27 23'10.7" N

LEGEND

“_ S0IL SAMPLE LOCATION

[

Figure 4. Water Quality Sampling Stations


Tom Emenhiser
Station:LI1
Avg. TP=5.08 mg/L
Avg. OrthoP=4.45 mg/L
Avg. TDP=4.49 mg/L
Sampled:9-7-03,9-30-03
Coordinates:
80 58' 17.99" W
27 23' 18.92" N

Tom Emenhiser
Station:LI5
Avg. TP=15.2 mg/L
Avg. OrthoP=14.7 mg/L
Avg. TDP=14.76 mg/L
Sampled:9-7-03,9-30-03
Coordinates:
80 57' 57.97" W
27 23' 19.9" N

Tom Emenhiser
Station:LI3
Avg. TP=7.71 mg/L
Avg. OrthoP=7.55 mg/L
Avg. TDP=7.56 mg/L
Sampled:9-7-03,9-30-03
Coordinates:
80 58' 58.7" W
27 23' 10.7" N

Tom Emenhiser
Station:LI2
Avg. TP=2.23 mg/L
Avg. OrthoP=2.04 mg/L
Avg. TDP=2.085 mg/L
Sampled:9-7-03,9-30-03
Coordinates:
80 58' 28.76" W
27 23' 1.41" N

Tom Emenhiser


Tom Emenhiser


Tom Emenhiser


Tom Emenhiser


Tom Emenhiser
Station:LI4
Avg. TP=5.78 mg/L
Avg. OrthoP=5.74 mg/L
Avg. TDP=5.70 mg/L
Sampled:9-30-03
Coordinates:
80 57' 58.7" W
27 23' 10.7" N

Tom Emenhiser
Station:LI6
Avg. TP=8.11 mg/L
Avg. OrthoP=8.02 mg/L
Avg. TDP=7.97 mg/L
Sampled:9-30-03
Coordinates:
80 57' 57.97" W
27 23' 23.9" N

Tom Emenhiser
Station:LI7
Avg. TP=12.8 mg/L
Avg. OrthoP=12.6 mg/L
Avg. TDP=12.8 mg/L
Sampled 9-30-03
Coordinates:
80 58' 8.3" W
27 23' 19.8" N

Tom Emenhiser
Station:LI8
Avg. TP=7.63 mg/L
Avg. OrthoP=7.21 mg/L
Avg. TDP=7.2 mg/L
Sampled:9-30-03
Coordinates:
80 58' 14.9" W
27 23' 13.9" N

Tom Emenhiser


Tom Emenhiser


Tom Emenhiser


Tom Emenhiser
Station:LI9
Avg. TP=7.91 mg/L
Avg. OrthoP=8.08 mg/L
Avg. TDP=8.04 mg/L
Sampled:9-30-03
Coordinates:
80 58' 18.5" W
27 22' 59.5" N

Tom Emenhiser


Tom Emenhiser


Tom Emenhiser
Notes:
1.  All values reported as mg/L as P
2.  All coordinated obtained by handheld Garmin GPS receiver
3.  Avg. = Average value of two sampling events

Tom Emenhiser
                                           Figure 4.  Water Quality Sampling Stations


Figure 5. Groundwater Monitoring Well

Total Phosphorus and Aluminum Results

0.6 6
0.5 -5
Background TP before treatment
o9y / Background AL before treatment 4
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s A .
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o 0.2 2
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0.1 -1
0 -0
6/15/2004 6/22/2004 11/18/04 2/18/05 5/16/05 8/16/05 11/29/05

Date Sampled

Note:
TP Flagged data from 5/16/05 removed from graph. See Table 1 for results.



Figure 6. SW-1, HIA Eco-Reactor Influent

Total and Ortho-Phosphorus Results
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Date Sampled
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Note:

OTotal Phosphorus
B Ortho-Phosphorus

TP Flagged data from 5/16/05 and 6/15/05, and both TP and Ortho-P flagged data from 10/28/05 removed from graph. See Table 1 for results.




Figure 7. SW-2, Eco-Reactor Effluent

Total and Ortho-Phosphorus Results

1.8

OTotal Phosphorus
B Ortho-Phosphorus

mg/L as P

11/18/04 2/18/05 3/4/05 6/8/05 6/15/05 6/28/05 11/29/05

Date Sampled

Note:
TP Flagged data from 6/15/05 removed from graph. See Table 1 for results.



Figure 8. SW-3 HIA/Swale Discharge Location

Total and Ortho-Phosphorus Results

OTotal Phosphorus
B Ortho-Phosphorus

mg/L as P
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Date Sampled

Note:
TP Flagged data from 5/16/05, 6/15/05, 9/30/05 and both TP and Ortho-P flagged data from 10/28/05 removed from graph. See Table 1 for results.



Figure 9. SW-5, Outer Pasture Discharge Location

Total and Ortho-Phosphorus Results

6
5
4
< BTotal Phosphorus
S 3
E» B Ortho-Phosphorus
% Flow monitored at sampling

location

6/8/05 6/15/05  6/28/05 7/13/05  8/16/05  8/30/05 9/7/05 9/16/05  11/29/05
Date Sampled

Note:
TP flagged data from 6/15/05 and both TP and Ortho-P flagged data from 10/28/05 removed from graph. See Table 1 for results.



Figure 10. SW-6, Pond 3

Total and Ortho-Phosphorus Results

OTotal Phosphorus
B Ortho-Phosphorus

mg/L as P

11/18/04 2/18/05 5/16/05 8/16/05
Date Sampled

Note:
TP Flagged data from 5/16/05 removed from graph. See Table 1 for results.
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Figure 11.
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APPENDIX A

PHOTOGRAPHSDURING CONSTRUCTION



Lot (R A SR . i, L
Figure 2. Alum amendment and mixing




= s SR
Figure 3. Pumping into Pond 1

L S = S T | !
Figure4. Discharge of pump into Pond 1






Figure 7. Filter fabric cover over Pond 1



APPENDIX B

ALUM TREATABILITY STUDY RESULTS



Lamb Island Dairy Chemical testing September 25-26, 2002

For testing of SRP used Hach Spectrophotometer and diluted 1ml sample in 100 ml DI
Water.

Pond 1 Testing Results:

200ml pond 1 water

pl of Alum P (mg/L
Raw - 0 0.21

60 0.03
100 0.08
150 0.04
200 0.07
250 0.05
300 0

60 - repeat 0.03
Observations.

60 ul — slight color change, little settling

100 pl — floc throughout with tea color, slight settling

150 ul — floc throughout, good settling, yellowish color

200 pl — better settling weak tea color

250 pl — Excellent settling weaker tea color, some suspended floc
300 pl — Water clear total settling

Re-run of pond 1 water sampling at 30, 60 and 100 pl of alum:

pl of Alum pH P (mg/L
30 7.09 0.26

60 6.44 0.07
100 6.82 0.14
Observations:

60 ul — Better settling at 60 pl almost clear
100 — floc throughout with yellow color



Pond 1 Sludge:

50g of dudge was mixed with 200 ml water. Each mixture was then mixed with a
volume of alum below and allowed to settle for 45 minutes:

pl alum pH P (mg/L
Raw dudge- 0 | 6.98 0.14
100 5.84 0.03
150 5.29 0.02
200 4.82 0.05
250 4.61 0

300 4.43 0

55 0.02
Pond 2 Water:

200 ml of pond 2 water was mixed with a volume of alum below and alowed to settle:
pl alum pH P (mg/L
Raw —0 8.15 0.10

30 7.51 0.01

60 7.19 0.02
100 7.09 0.02
150 6.87 0

200 6.55 0.02
250 6.42 0.03

60 — repest 0.02
Observations:

30 ul — cloudy floc throughout dlight settling

60 ul — Larger particulate floc throughout, slight settling
100 pl — very similar to 60, better clarity

150 pl — clear top 2/3rds defined floc, visible settling
200 pl — water clear, more settling

250 ul — Larger, more floc on bottom



Pond 2 Sludge:
50 g of dudge was mixed with 200 ml of water. Various volumes of alum shown below
were mixed with each mixture of sudge.

pl of alum pH P (mg/L
Raw -0 7.86 0.21
100 6.85 0

150 6.5 0
Observations:

100 ul — good settling, still cloudy
150 pl — 250 pl — clear water total settling

Results for treated sludge amended to soil

50 g of dudge treated with 250pl of alum was amended to 250g of soil
Results:

P(mg/L)

0.09

100g sludge treated with 250 of alum was amended to 500g soil and mixed with 400 ml
of DI water. Results:

P (mg/L)

0.13

50g of dudge treated with 55u of alum was amended to 2509 of soil:

P(mg/L)

0.14




Raw Soil Analysis:

10 g of soil was mixed with 100ml of DI water

P- .02 mg/L
P205 - .04 mg/L
PO4 - .05 mg/L

250g of soil was mixed with 200 g of DI water and allowed to filter through a Whatman
25 filter for a few minutes and overnight. Results:

P (mg/L)
Immediate 0.08
sample
Overnight 0.18
sample

HCA Amended soil Analysis:

250 g of soil was amended with various amounts of HCA(High Clay Aluminum) and
mixed with 100 ml DI water. Results:

Grams of HCA P (mg/L)
2 0.11
4 0.04
8 0.07
16 0.22

Alum Amended soil Analysis:

250 grams soil was amended with various amounts of alum below and mixed with 100 ml

of DI water. Results:

pl Alum added P (mg/L)
60 0.05
150 0.13
250 0.13




APPENDIX C

MANURE TREATMENT RESULTS



Residual Manure Waste Treatment Analytical Data
South Florida Water Management District Laboratory

Project Station = Samplenum  Presampnum| DateCollected [imeCollecteProgramTyp SampType ColMethod  Matrix | TestName Value Units
LAB2 P1-A1 L25043-1 P19722-1 17-Jun-04 10:00 EXP SAMP G SW TPO4 0.078 mg/l
LAB2 P1-A2 L25043-2 P19722-2 17-Jun-04 14:00 EXP SAMP G SwW TPO4 0.088 mg/l
LAB2 P1-B1 L25043-3 P19722-3 17-Jun-04 10:30 EXP SAMP G SW TPO4 0.091 mg/l
LAB2 P1-B2 L25043-4 P19722-4 17-Jun-04 14:25 EXP SAMP G SwW TPO4 0.051 mg/l
LAB2 P1-C1 L25043-5 P19722-5 17-Jun-04 11:10 EXP SAMP G SW TPO4 0.033 mg/l
LAB2 P1-C2 L25043-6 P19722-6 17-Jun-04 14:45 EXP SAMP G SwW TPO4 0.092 mg/l
LAB2 P1-D1 L25043-7 P19722-7 17-Jun-04 11:25 EXP SAMP G SW TPO4 0.095 mg/l
LAB2 P1-D2 L25043-8 P19722-8 17-Jun-04 14:59 EXP SAMP G SwW TPO4 0.167 mg/l
LAB2 P2-E1 L25043-9 P19722-9 17-Jun-04 12:03 EXP SAMP G SW TPO4 0.129 mg/l
LAB2 P2-E2 L25043-10 P19722-10 17-Jun-04 15:20 EXP SAMP G SW TPO4 0.028 mg/l
LAB2 P2-F1 L25043-11 P19722-11 17-Jun-04 12:46 EXP SAMP G SW TPO4 0.136 mg/l
LAB2 P2-F2 L25043-12 P19722-12 17-Jun-04 15:40 EXP SAMP G SW TPO4 0.033 mg/l
Page 1 of 2




Residual Manure Waste Treatment Analytical Data

South Florida Water Management District Laboratory

Project Station MDL SigFig | MeasureDate | MeasureTime| RemarkCode| RemarkComments | SampleComments
LAB2 P1-A1 0.002 0.078 30-Jun-04 15:06
LAB2 P1-A2 0.002 0.088 30-Jun-04 15:07
LAB2 P1-B1 0.002 0.091 30-Jun-04 15:09
LAB2 P1-B2 0.002 0.051 30-Jun-04 15:10
LAB2 P1-C1 0.002 0.033 30-Jun-04 15:11
LAB2 P1-C2 0.002 0.092 30-Jun-04 15:12
LAB2 P1-D1 0.002 0.095 30-Jun-04 15:25
LAB2 P1-D2 0.002 0.167 30-Jun-04 15:26
LAB2 P2-E1 0.002 0.129 30-Jun-04 15:27
LAB2 P2-E2 0.002 0.028 30-Jun-04 15:28
LAB2 P2-F1 0.002 0.136 30-Jun-04 15:30
LAB2 P2-F2 0.002 0.033 30-Jun-04 15:31

Page 2 of 2




APPENDIX D

POND WATER TREATMENT RESULTS



Jupiter

Address: HSA Engineers & Scientists
1486-A Skees Road
West Palm Beach, FI 33411
Attn: Terry Horan

Sample Description COC # 17738
Project: 8005710600

Project Address: Lamb Island

Water Analysis
Parameter
Results
Phosphate-Ortho U
Phosphorus, Total 0.33
Aluminum 1.16

U = Below Laboratory Detection Limits

Environmental Laboratories, Inc.

Units Method

mg/t 4500P-E
mg/t 365.2
mg/l 200.8

All Analyses were performed using EPA, ASTM, USGS, or Standard Methods.
CompQAP # 960152 EPA #FL01040 HRS #EB86546 #E86515

NELAC CERTIFIED

Page 1

Dilution Detection

Factor
1
1
1

Limit
0.025
0.1
0.02

JUN 9 2 2004

Page: 1 of 1
Date: 6/21/2004
Log # 11060-01

Label: TMPW-1

“NH

Date Sampled: 6/15/2004
Date Received: 6/15/2004 14:40

Collected By: Ciient

Extraction
Date
6/17/2004
6/19/2004
6/21/2004

t
- Respectfulty

!
bam Shore

Quality Assurance Director

Analysis
Date
6/17/2004
6/19/2004
6/21/2004

I

ubmitted,

A

Analyst
ESC
EsSC

MH
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“ Jupiter

Environmental Laboratories, Inc.

Client # 3650 Page: 10of4
Address: HSA Engineers & Scientists WPB Date:  6/25/2004

1486-A Skees Road Log# 11084-01

West Palm Beach, FL 33411

Attn:  Terry Horan Label. P-3 Raw

FTI Date Sampled: 6/17/2004
Sample Desrton: O 4 Bovs710600 Date Received: 6/17/2004 3:00:00
Collected By:  Client

Location: Lamb Island
Matrix: Water

Dilution Detection Extraction Analysis

Descrivtion Results  Units  Method  Factor  Limit @ Date Date Analvst
Phosphate-Ortho
Phosphate-Ortho 1.20 mg/L 1365.2 50 1.25 6/19/2004 6/19/2004 ESC

U = Below Laboratory Detection Limit Respectfully Submitted,

Soll results are reported in dry weight

All Analysis were performed using EPA, ASTM, USGS or Standard Methods.

Pam Share

CompQAP #960152 EPA #FL0O1040 HRS #E36546

NELAC Certified Quality Assurance Director



Jupiter

Environmental Laboratories, Inc.

Client # 3650

Address:  HSA Engineers & Scientists WPB
1486-A Skees Road
West Palm Beach, FL 33411

Attn:  Terry Horan

Sample Description: COC# 17770
Project # 8005710600
Location: Lamb Island
Matrix: Water

Page: 2o0f4
Date: 6/25/2004
Log # 11084-02

Label: P-3 Raw

Date Sampled: 6/17/2004

Date Received: 6/17/2004 3:00:00
Collected By: Client

Extraction Analysis
Descrintion Results Units Method _ Factor  Limit = Date Date Analyst
Phosphorous By ICP-MS
Phosphorous 260 mg/t 1365.10 6/24/2004 6/24/2004 ESC

U = Below Laboratory Detection Limit
Soil results are reported in dry weight

All Analysis were performed using EPA, ASTM, USGS or Standard Methods.

CompQAP #960152 EPA #FL01040 HRS #E86546
NELAC Certified

Respectfully Submitted,

Pam Shore
Quality Assurance Director



“ Jupiter

Environmental Laboratories, Inc.

Client # 3650 Page: 3of4
Address: HSA Engineers & Scientists WPB Date: 6/25/2004
1486-A Skees Road Log# 1108403
West Palm Beach, FL 33411
Attn:  Terry Horan Label: P-4 Raw

Date Sampled: 6/17/2004
Date Received: 6/17/2004 3:00:00
Collected By:  Client

Sample Description: COC# 17770
Project # 8005710600
Location: Lamb Island
Matrix: Water

Dilution Detection Extraction Analysis
0 I Results Units Method Factor Limit Date Date Analvst
Phosphate-Ortho
Phosphaite-Ortho 0.580 mg/L 1365.2 10 0.25 6/19/2004 6/19/2004 ESC
U = Below Labceratory Detection Limit Respectfully Submitted,

Soil results are reported in dry weight

All Analysis were performed using EPA, ASTM, USGS or Standard Metheds.

CompQAP #960152 EPA #FL01040 HRS #EB6546 Pam Shore
NELAC Certifigd Quality Assurance Director



Jupiter

Client # 3650
Address;

1486-A Skees Road

Environmental Laboratories, Inc.

HSA Engineers & Scientists WPB

West Palm Beach, FL 33411

Attn:  Terry Horan

Page: 4of4

Dale: 6/25/2004
Log# 11084-04
Label: P-4 Raw

Date Sampled:  6/17/2004

Sample Description: COC # 17770
p p Proiect # 8005710600 Date Received: 6)’1 TI2004 3:00:00
Location: Lamb Island Collected By:  Client
Matrix: Water
Dilution Detection Extraction Analysis
Description Results Units Method  Factor  Limit Date Date  Analyst
Phosphorous By ICP-MS
Phosphoreus 2.50 mg/L 1365.10 1 0.1 6/24/2004 6/24/2004 ESC

U = Below Laboratory Detection Limit
Soil results are reported in dry weight

All Analysis were performed using EPA, ASTM, USGS or Standard Methods.
CompQAP #960152 EPA #FL0O1040 HRS #EB6546

NELAC Certified

Respectfully Submitted,

Pam Shore
Quality Assurance Director
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Jupiter

Environmental Laboratories, Inc.

Address: HSA Engineers & Scientists
1486-A Skees Road
West Palm Beach, FI 33411
Attn: David Hightower

Sample Description COC # 17771
Project: 80057106
Project Address: Lamb Island

Water Analysis
Parameter
Results Units Method
Phosphate-Ortho U mg/l 365.2
Phosphorus, Total 0.25 mg/l 365.2
Aluminum 3.32 mg/l 200.8

U = Below Laboratory Detection Limits

All Analyses were performed using EPA, ASTM, USGS, or Standard Methods.
CompQAP # 960152 EPA #FL01040 HRS #E86546 #E86515
NELAC CERTIFIED

Page 1

Dilution Detection

Factor
1
1
1

Limit
0.025
0.10
0.02

Page: 4 of 4
Date: 7/2/2004
Log # 11114-04

Label: TMPW-1

Date Sampled: 6/22/2004

Date Received: 6/23/2004 8:00
Collected By: Client

Extraction Analysis

Date Date Analyst
6/25/2004 6/25/2004 ESC
6/29/2004 6/29/2004 ESC
6/28/2004 6/28/2004 MH

wspecﬁully Submitted,

am Shore
ality Assurance Director
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Client #
Address:

Sample D

Descriotion

Jupiter

Enviranmental Laboratories, inc.

3650
HSA Engineers & Scientists WPB
1486-A Skees Road

Waest Palm Beach, FL 33411
Aftn:  David Hightower

escription. COC# 17684
Project# 80057106
Location: Lamb Isiand
Matrix: Water

—Results ~ Unjts  Method Factor  Iimit == Date = Data

Phosphate-Ortho

Phosphate-Ortho

0.320 g/l

U = Below Laboratory Detection Limit
Soll resuits are reported in dry weight

All Analysis were performed using EPA, ASTM, USGS or Standard Methods.

CompQAP #960
NELAC Certified

152 EPA #FL0O1040 HRS #EB6546

Dilution

1

Detection

0.025

Page: 10f2
Date: 7/7/2004
Log# 11169-01

Label: P3-E

Date Sampled: 7/1/2004

Date Received: 7/1/2004 4.30:00P
Collected By: Client

Extraction Analysis

Analvst

7/3/2004 7/3/2004 ESC

spectfuily Submitted,

m Shore
Quality Assurance Director



Jupiter

Environmental Laboratories, Inc.

Client # 3650
Address: HSA Engineers & Scientists WPB
1486-A Skees Road

West Paim Beach, FL 33411
Attn:  David Hightower

COC# 17684
Project# 80057106
Location: Lamb Island

Sample Description:

Page: 2of2
Date:  7/7/2004
Log# 11169-02
Label: P3-W

Date Sampled:  7/1/2004
Date Received: 7/1/2004 4:30:00 P
Collected By:  Client

Matrix; Water
Dilutlon Detection Extraction Analysis
Descriotion Results Linits Method Factor Lirnit Date Date _Analvst
Phosphate-Ortho
Phosphate-Ortho 0.340 mg/L /365.2 1 0.025 7/3/2004 7/3/2004 ESC

U = Below Laboratory Detection Limit
Soil results are reported in dry weight

All Analysis were performed using EPA, ASTM, USGS or Standard Methods.

CompQARP #960152 EPA #FL01040 HRS #E86546
NELAC Certified

spectfully Submitted,

am Shore
Quality Assurance Director
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Jupiter AP

Environmental Laboratories, Inc.

Client # 3650 Page: 1of6
Address: HSA Engineers & Scientists WPB Date: 7/20/2004
1486-A Skees Road Log# 11239-01

West Palm Beach, FL 33411

Attn:  David Hightower
Label:

Date Sampled: 7/16/2004

Sampie Description:  COC# 18188 Date Recelved: 7/16/2004 3:35:00

Proiect# Lamb Island

Location: Okeechobee Collected Bv.
Matrix: Water
Dilution Betection Extraction Analysis
Dascrintian Results Units Method  Factor  Limit Date Date Analvst
Phosphate-Orthe
Phosphate-Ortho 0.080 mg/L /365.2 1 0.025 71172004 7117/2004 ESC
U = Below Laboratory Detection Limit Respectfully Submitted,
Soil results are reported in dry weight
i dy v ok T
All Analysis were performed using EPA, ASTM, USGS or Standard Methods., /Q/ -
CompQAP #960152 EPA #FL0O1040 HRS #E86546 - Pam Shore

NELAC Certified Quality Assurance Director



Jupiter

Environmental Laboratories, Inc.

3650
HSA Engineers & Scientists WPB
1486-A Skees Road

West Palm Beach, FL 33411
Attn:  David Hightower

Client #
Address:

COC# 18188
Project# Lamb Island
Location: Okeechobee

Sample Description:

Page: 2o0f6

Date: 7/20/2004

Log# 11239-02

Label: P3-B

Date Sampled: 7/16/2004

Date Received. 7/16/2004 3:35:00
Collected By: Client

Matrix: Water
Dllution Detection Extractlon Analysls
Descriotlon Resuite ~ lnits =~ Method  Factor Limit Date Date Analvst
Phosphate-Ortho
Phosphate-Crtho 0.061 mg/L 1365.2 1 0.025 7/17/2004 7/17/2004 ESC

U = Below Laboratory Detection Limit
Soil results are reported in dry weight

All Anaiysis were performed using EPA, ASTM, USGS or Standard Methods.
CompQAP #960152 EPA #FL01040 HRS #EBB546
NELAC Certified

Respectfully Submitted,

Cgl/@afé:DL -

Pam Shore
Quality Assurance Director

Lor

—



Jupiter

Client # 3650
Address:
1486-A Skees Road

West Palm Beach, FL. 33411
Afttn:  David Hightower

Sample Description: COC# 18188

Environmental Laboratories, Inc.

HSA Engineers & Scientists WPB

Proiect# Lamb Island
Location: Okeechobee

Matrix; Water

Page: 30f6
Date:  7/20/2004
Loa# 11239-03

Label: P3-C

Date Sampled: 7/16/2004

Date Received: 7/16/2004 3:35.00
Collected By: Client

Dillution Detectlon Extraction Analysis
Descrintlon Resuits  Unlts  Msthod  Factor Limit Date Date Analvst
Phosphate-Ortho
Phosphate-Crtho 0.068 mg/L /365.2 1 0.025 771772004 71712004 ESC

U = Below Laboratory Detection Limit
Scil results are reported in dry weight

All Anafysis were performed using EPA, ASTM, USGS or Standard Methods.

CompQAP #960152 EPA #FL01040 HRS #E86546
NELAC Certified

Respectfully Submitted,

oo S N TN

’ }‘( Pam Shore
Quality Assurance Director



Jupiter

Environmental Laboratories, inc.

Client # 3650 Page: 4of6
Address: HSA Engineers & Scientists WPB Date:  7/20/2004
1486-A Skees Road Log# 11239-04
West Palm Beach, FL 33411
;. David Hi
Attn avid Hightower Label P3D
ample Descripion: O A ¢ (o188 and Date Received: _7/16/2004 3:35:00
Collected Bv.  Client

Location: Okeechobee
Matrix: Water
Dilution Detection Extraction Analysis

Dascrintlon Results  Units  Method  Factor  Llmit ~ Data = Date _ Analvst

Phosphate-Ortho

Phosphate-QOrtho 0.060 mg/L 7365.2 1 0.025 711712004 7/17/2004 ESC
U = Below Laboratory Detection Limit Respectfully Submitted,
Soll results are reported in dry weight y (>
M—‘—‘—-
All Analysis were performed using EPA, ASTM, USGS or Standard Methods. ) _,,C’wwa— { o
CompQAP #960152 EPA #FL0O1040 HRS #E86546 Pam Shore

NELAC Certified Quality Assurance Director



Jupiter

Environmental Laboratories, Inc.

Client # 3650 Page: 50f6
Address: HSA Engineers & Scientists WPB Date: 7/20/2004

1486-A Skees Road Log# 11239-05

West Paim Beach, FL 33411

Attn:  David Hightower Label: P3-E

D intion: COC 1 Date Sampled: 7/16/2004
Sample Description Proieé:# L::ﬂBbB lsland Date Received: 7/16/2004 3:35:00
Collected By:  Client

Location: Qkeechobee
Matrix: Water

Dllution Detectlon Extractlon Analysis
Descrintlan Resuits =~ lUnlts = Mathod  Factor Limit Date Date Analvst
Phosphate-Ortho
Phosphate-Crtho 0.068 mg/L 13656.2 1 0.025 772004 7117/2004 ESC
U = Below Laboratory Detection Limit Respectfully Submitted,
Scil results are reported in dry waight é é &\
. . - Or
All Analysis were performed using EPA, ASTM, USGS or Standard Methods. a —_
’( LA Pam Shore

CompQAP #960152 EPA #FLO1040 HRS #EB6546 L
NELAC Certified ' Quality Assurance Director



- Jupiter

Environmental Laboratories, Inc.

Client # 3650 Page: 6ofé6

Address: HSA Engineers & Scientists WPB Date: 7/20/2004
1486-A Skees Road Log# 11239-06
West Paim Beach, FL 33411
Attn:  David Hight

n David Hiahtower Label: P3-F
g e D intion: COC # 181 Date Sampled: 7/16/2004
ample Lescription 88 Date Received: 7/16/2004 3:35:00

Proiject# Lamb Island
Location: Okeechobee
Matrix: Water

Collected By. Client

Dllution Detectlon Extraction Analysis
Dascrintion Results Unpits Method  Factor  Limit Date _Date  Analvst
Phosphate-Ortheo
Phosphate-Ortho 0.073 mg/L /365.2 1 0.025 711712004 7M7/2004 ESC
U = Below Laboratory Detection Limit Respectfully Submitted,

Soil results are reported in dry weight - x
i i . IOFEEV N a&’)ff“““"ﬂ
All Analysis were performed using EPA, ASTM, USG$ or Standard Methods.

CompQAP #960152 EPA #FL01040 HRS #E86546 ﬁ’am Shore
NELAC Certified Quality Assurance Director



APPENDIX E

INTERNAL FIELD AUDIT FORM



FIELD AUDIT

Status And Temporal Variability Monitoring Networks
Florida Department of Environmental Protection
MS 3525

2600 Blair Stone Road

Tallahassee, F 32399-2400

Telephone (850) 245-8517

Sampling Agency: HSA Engineers and Scientists
Field Personnel; Ron Durham, HSA Engineers

Auditor(S): Tom Emenhiser, HSA Engineers

Audit Date: November 29, 2005

Project Name: Lamb Island Dairy Storm Water Phosphorus Remediation Project
Site: Lamb Island Dairy, all sampling sites

Audit Type: Water Quality Surface Water and Groundwater

Copies of Audit Report to: Ron Durham, Terry Horan, SFWMD Project Manager
Overall Sampling Performance

.
SUMMARY

In general, the sampling personnel collected the surface water samples and the groundwater samples in
accordance with prescribed FDEP SOPs and overall good sampling procedures. Exceptions listed
below, in the opinion of the auditor, would not result in inaccurate/unusable laboratory data. The
following observations and comments are made on the sampling procedures that should be addressed
by the sampling organization:

1. The field sampler did not bring a turbidity meter with him for analysis of turbidity on the monitoring
well during stabilization. The field sampler acknowledged the oversight and indicated he was not aware
of its requirement when only sampling for phosphorus and aluminum. Turbidity measurement for
stabilization is required for all groundwater monitoring well sampling, per the FDEP, and the field
sampler was aware of that at the end of the audit.

2. The field sampler is not checking the theoretical slope of the pH meter weekly as this is not a
manufacturer's recommendation of the brand of pH meter used by the field sampler. He is, however,
checking the pH and calibrating the unit with fresh pH 4,7, and 10 buffers daily when making pH
measurements.

3. The field sampler was not checking the accuracy of the temperature probe on the multi meter against
an independent thermometer on a monthly basis. The sampling organization has been advised of the
requirement.



Documentation (FD1000) Yes | No | NA
1. Used waterproof ink and corrected errors without obliteration ves
2. Described sampling location (Lat/Long, Map, Photos) yes
3. Recorded preservation information and verification if different from sampling manual yes
4. Labeled sample bottles properly (bar codes, date, time) yes
5. All sections of field sheet completed correctly, including
Ground Water: purging equipment; purging procedure; well casing compositions; well
diameter; water table depth; depth of well; volume of water in well; purge volume
calculations; total volume of water purged; date; starting and ending times for purging;
purging rate; flow meter readings; stabilization measurements; water level drawdown
measurements; FLUWID, Microland use yes
Surface Water: total depth; secchi depth, field measurements; weather conditions;
equipment used
Sediments: sample collection depth; areal location of sample; sample collection devices
Biology: physical and chemical characterization information; stream or river habitat
assessment information; lake habitat assessment information; biorecon information
6. Instrument calibration log:
- Unique ID for meter
Standards concentration, date of preparation or expiration date
Date, time and results of each initial calibration and calibration verifications (link to  |Ny@s
sampling project)
Name of analyst performing verification
Corrective actions performed on instrument
7. Custody sheet completed properly (date, time, sites, number of samples, comments,
labels) yes
8. Cleaning log:
Type and date of analyte free water
Time and date of lab cleaning N/A
Time and date of field cleaning
9. Lot numbers and dates of use recorded for all reagents, detergents, solvents, and
chemicals yes
10. All instruments and sampling equipment identified with a unique code, and including:
- Maintenance and repair procedures
Routine cleaning procedures
Filling solution replacement for probes NO

Parts replacements for probes

Date procedures performed on each unit

Names of personnel performing maintenance and repair
Descriptions of malfunctions and repair

*COMMENTS:




Field Quality Control (FQ 1000) Yes | No | NA
1. Blank collected in same manner as samples and represent normal sampling conditions.
Circle one: yes
a) Precleaned EB b) Field cleaned EB c¢) Field blank (no equi pment)
2. Field reference samples were analyzed under field conditions and were acceptable ves
Field Testing and Calibration (FT 1000- FT 1600) Yes | No | NA
1. Sample measurements were chronologically bracketed between acceptable calibration
verifications yes
2. Sample measurements were quantitatively bracketed between acceptable calibration
verifications yes
3. Meter was rinsed with DI water between standards and allowed to stabilize before
recording readings yes
4. pH was calibrated first with the 7 buffer, then a4 or 10, depending on the expected
sample range Yes
5. Calibration verifications for pH were within £0.2 su yes
6. Meter was checked weekly to ensure a > 90% theoretical slope NO
7. Calibration verifications for conductance were within + 5% yes
8. Calibration verifications for DO were within + 0.3 mg/L DO when compared to the
table of theoretical values for water saturated air yes
9. DO electrode was stored in awater saturated air environment when not in use yes
10. Initial calibration of turbidimeter was performed using primary standards and met NO
acceptance criteriafor NTU range
11. Sample cells were inspected for scratches, cleaned as necessary and placed correctly in
turbidimeter yes
12. Sample cells were rinsed between calibrations and sample collections yes
13. Temperature was verified monthly at a minimum of two temperatures and met NO
acceptance criteria of £0.2°C
14. Sample measurements were not collected until meter readings stabilized yes

*COMMENTS:




General Sampling Procedures (FS 1000, FS 2000), Miscellaneous Yes | No | NA
1. Paperwork, supplies and equipment were inventoried before going into the field yes
2. Sampling manual wasin the field vehicle ves
3. Sampling equipment and bottles were clean and appropriate yes
4. Analyte free water was less than 1 week old yes
5. Samples were collected in alogical order ves
6. Care was taken to avoid contamination of samples ves
7. Samplers wore gloves and changed as necessary yes
8. Samples were properly preserved within 15 minutes Q
9. pH was tested on preserved samples; paper was not inserted into bottle yes
10. Samples were properly filtered if necessary yes
11. Headspace was left in all sample bottles and whirlpaks
12. Samples were packed properly

Bacteria whirlpaks packed together in bag

Acidified sample bottles packed separately N/A

All samples placed together in large bag, protected fromice

Custody sheet compl eted, bagged and placed in cooler
13. At least one sampler on site has attended Sampler Training Workshop N/A
Surface Water Sampling (FS 2100) Yes | No | NA
1. Samples were collected from downstream to upstream and upwind from power sources | N/A
2. Samples were collected on upstream side of bridge, body or boat without disturbing the
sediments
3. Water samples were collected prior to sediment samples (if any) N/A
4. Intermediate collections devices were well rinsed with sample water; rinse water was N/A
discarded away from sample site
5. Whirlpaks were collected as grab samples by immersing the closed Whirlpak and
opening it underwater; OR an open whirlpak was plunged opening downward below the N/A
surface and filled in a continuous sweeping arc; OR collected from an intermediate
collection device without interruption of the flow
6. Sample containers were submerged neck first, inverted into flow, slowly filled and
returned to surface (if sample containers were used as collection device) yes
7. Field parameters were measured at appropriate depth(s) ves
8. Water depth was at least 10 cm ves
9. Water samples were collected at the appropriate depth and corresponded with field
parameter measurement depth
10. Sample was collected at correct location in waterbody yes
11. Depth was measured to nearest 0.1m yes
12. Secchi depth and stage height were determined if appropriate yes

*COMMENTS:




Sediment Sampling (FS 4000) Yes | No | NA
1. Lake was at least 1m deep at its deepest point N/A
2. Samples were collected in the proper location N/A
3. Surface water samples were collected prior to sediment samples N/A
4. A minimum of 3 grabs were collected N/A
5. Only the top 2-3cm of sediments were transferred to the samplejar N/A
6. Sample jar wasfilled ¥4 full N/A
Groundwater Sampling (FS 2200) Yes | No | NA
1. Any standing water was removed from well head yes
2. Water level was measured to nearest 0.01 ft without sounding the bottom yes
3. Well volume was correctly determined ves
4. Depth to water was measured at intervals during purging; drawdown was stabilized so
pumping rate matched recharge rate yes
5. Pump or tubing was placed at top of water column ves
6. A closed flow cell was used to measure stabilization ves
7. At least one well volume was purged before beginning purge stabilization
measurements and at least %2 well volume was purged between measurements yes
8. Purging completion was measured as.

DO = 20%. If DO = 20%, reasons were justified and consecutive measurements were

within the greater of = 0.2 mg/L or 10%

Turbidity = 20 NTU. If turbidity = 20 NTU, reasons were justified and consecutive

measurements were within the greater of £ SNTU or 10%
And at least three consecutive measurements of following parameters were within stated Q
limits:

temperature + 0.2° C

pH + 0.2 su

specific conductance * 5.0% of reading
9. If well failed to meet stabilization criteria after 5 well volumes, all instruments,
equipment, tubing, etc. were tested and found functional before collecting sample yes
10. Low permeability well was purged at low flow rate. If well purged dry, well was
allowed to recover then sample was collected. yes
11. Pump and tubing decontaminated between wells.
12. A new filter was flushed with sample water before collecting filtered samples. N/A

13. For wells with in-place plumbing, purging and sampling was upstream of storage tanks
where possible

N/A

14. For wells with in-place plumbing, flow rate was reduced to less than 500mL/minute

(1/8” stream) or 0.1 gal/min before collecting samples

N/A

*COMMENTS:




	SUMMARY: In general, the sampling personnel collected the surface water samples and  the groundwater samples in accordance with prescribed FDEP SOPs and overall good sampling procedures.  Exceptions listed below, in the opinion of the auditor, would not result in inaccurate/unusable laboratory data.  The following observations and comments are made on the sampling procedures that should be addressed by the sampling organization:

1.  The field sampler did not bring a turbidity meter with him for analysis of turbidity on the monitoring well during stabilization.  The field sampler acknowledged the oversight and indicated he was not aware of its requirement when only sampling for phosphorus and aluminum.  Turbidity measurement for stabilization is required for all groundwater monitoring well sampling, per the FDEP, and the field sampler was aware of that at the end of the audit.  

2.  The field sampler is not checking the theoretical slope of the pH meter weekly as this is not a manufacturer's recommendation of the brand of pH meter used by the field  sampler.  He is, however, checking the pH and calibrating the unit with fresh pH 4,7, and 10 buffers daily when making pH measurements.

3.  The field sampler was not checking the accuracy of the temperature  probe on the multi meter against an independent thermometer on a monthly basis.  The sampling organization has been advised of the requirement.  
	CopAR: Ron Durham, Terry Horan, SFWMD Project Manager 
	AT: Water Quality Surface Water and Groundwater
	PN: Lamb Island Dairy Storm Water Phosphorus Remediation Project
	S: Lamb Island Dairy, all sampling sites 
	AD: November 29, 2005
	A: Tom Emenhiser, HSA Engineers
	FP: Ron Durham, HSA Engineers
	SA: HSA Engineers and Scientists
	10: NO
	Comments:  
	9:  yes
	8:   N/A
	7:   yes
	6: NO
	5:   yes
	4:   yes
	3:   yes
	2:   yes
	1:   yes
	13: NO
	COMMENTS 2: 
	FT14:   yes
	FT12:   yes
	FT11:   yes
	FT9:   yes
	FT8:   yes
	FT7:   yes
	FT5:   yes
	FT4:   yes
	FT3:   yes
	FT2:   yes
	FT1:   yes
	FCQ2:   yes
	FQC 1:   yes
	cOMMENTS 3: 
	SW12:  yes
	SW11:  yes
	SW10:  yes
	SW9: 
	SW8:  yes
	SW7:  yes
	SW6:  yes
	SW5:  N/A
	SW4:  N/A
	SW3: N/A
	SW2: 
	SW1:  N/A
	GS13:  N/A
	GS12:   N/A
	GS11:   
	GS10:  yes
	GS9:  yes
	GS8:    Q
	GS7:  yes
	GS6:  yes
	GS5:  yes
	GS4:  yes
	GS3:  yes
	GS2:  yes
	GS1:  yes
	cOMMENTS 4: 
	GS14:   N/A
	SS6:  N/A
	SS5:  N/A
	SS4:   N/A
	SS3:   N/A
	SS2:   N/A
	SS1:   N/A


